Abstract -AKa-band GaN MMIC power amplifier (PA) with a novel 4-way combiner/divider is presented. The on-chip balanced 4-way combiner results in improved input and output return loss, and increased bandwidth. The 32 -38 GHz two stage PA produces a maximum power of 6 watts under class-A operation. This is the first report of this novel compact, combiner concept.
I. INTRODUCTION
The high output power, and high data rates required for communications, electronic warfare and radar applications continue to push the operating frequencies towards the millimeter-wave (mm W) regime to satisfy various commercial and defense systems [1], [2] . The availability of high-power, high-efficiency, linear amplifiers at these frequencies is technologies [4] . The GaN on SiC technology has showed continuous improvements in output power, efficiency, bandwidth, and reliability [5] .
The use of GaN technology at mm W frequencies has witnessed a significant increase in the past few years starting from devices with record power densities, to high performance MMICs with excellent bandwidth (1-50 GHz [6] , and 2-20 GHz [7] ), high power [5] , and high levels of integration [8] .
One of the challenges in PA design is achieving good input and output return loss. In fact, in most cases the optimum The input reflection coefficient ftop from the top amplifier will have a phase e, say, while the bottom amplifier's fbottom will have a phase of e + 180°. Hence, the reflection will cancel, resulting in excellent input return loss. The same design approach is also applied at the output with the 180° phase shift in different signal path to achieve equal phase (total path lengths) for all paths. This paper proposes extending this concept to combining three amplifiers (as shown in Fig. 2 ), four amplifiers, or N amplifiers. In Fig. 2 Frequency (GHz) ,.
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The linearity was measured using a custom millimeter-wave digital waveform system. The system is capable of generating and analyzing wide range of waveforms including single-tone, two-tone, and digitally modulated waveforms up to 50 GHz.
All of the measurements were carried out in the Ka-band at 32 GHz, and the drain voltage for all amplifier stages was set at 32 V. Furthermore, the gate biases of the first stages in all the parallel branches were provided by a single DC supply and the gate bias of the second stages were provide by another DC power supply. 
